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BACKGROUND AND HISTORY 

A process f o r  t h e  low-temperature carbonization of Texas l i g n i t e  
i n  d i l u t e  suspension was developed by the U. S. Bureau of Mines a t  Denver, 
Colorado, i n  cooperation with the Texas Power & Light Company as pa r t  of 
a program f o r  the more e f f i c i en t  use o f  this raterial. Work a t  Denver was 
car r ied  through the pilot-plant stage.  Promise of t h i s  process was such 
that the  A l u m i n u m  Company of Arrerica ins'alled a prototype carbonizer i n  
combination with the  power ? l a n t  for t h e i r  aluminum smelting i n s t a l l a t i o n  
a t  Fiockdale, Texas. 
m r i l y  t o  handle dr ied  Sandow l ign i t e ,  b u t  were f u r t h e r  designed so  t h a t  
l i g n i t e  char would be acceptable as an  alternate fuel.  
production of the desired amount of tar without regard  to the  amount o f  
so l id  fuel  recuired f o r  t h e  boilers. The p lan t  i s  360,000-kw capacity, 
serviced by three boi le rs ,  i n  tu rn  supplied by nine l i g n i B  driers.  
prototype carbonizer was s ized  t o  handle t h e  output of one d r i e r  only, 
with provision f o r  t ranspor t  of the  hot char to the f u e l  bunkers. I n  
e f fec t ,  the carbonizer was on a bypass to the main l ine between the d r i e r  
and the  boiler.  
be of t he  order of 50 million gallons per year. 

The bo i l e r s  f o r  t i e  power p l a n t  were designed p r i -  

This permitted the  

The 

If a l l  o f  t:ie li,g-Lte were carbonized, tar production % o d d  

The l i g n i t e  i s  s t r i p  mined and transported by conveyor b e l t  t o  

The crushed 
the d r i e r s  o r  f i e l d  storage. 
and normally d r i ed  the l igni te  to 2 to b per  cent  moisture. 
d r ied  l ignite i s  picked up by recycle carbonizing gas, together with some 
a i r  admixture, and i s  ca r r i ed  i n t o  the r e to r t .  
hea t  may be provided by combustion of tar vapors With process a i r  within 
the  r e to r t .  
hea t  may be required. 

Each d r i e r  has a capacity of 50 tons per hour 

Par t  o r  a l l  of the necessary 

An externa l  furnace i s  provided to supply what additional 
After the char is separated, the tar vapors a r e  



condensed and the condensed w a t e r  decanted. 
za t ion  work is given in t h e  Bureau of Y i e s  papers published by Parry e t  al." 

A good review of the  carboni- 

i n  l95b, Bat te l le  was asked by Texas ?ower & Light and Alcoa to 
'The work that undertake s tudies  leading to t h e  exploi ta t ion of this tar .  

will be reported here w i l l  cover the  processing o f  t h i s  tar, the charac- 
t e r i z a t i o n  studies,  analysis o f  products, and the type of react ions of the 
tar components. 
included. 

No discussion of the u t i l i z a t i o n  of this rrater ia l  is 

GEXERAL PHILOSORi OF APPROACH 

'Ole information ava i lab le  on low-temperature tars from l i g n i t e  
a t  t h i s  stage was quite sparse  and, i n  mny cases, self-contradictory.  
It was known, however, that the tar was an e x t r e m l y  complex mixture of a 
var ie ty  of hydrocarbon types, as wel l  a s  compounds of oqrgen, nitrogen, and 
sulfur .  
been t h a t  attempts would be mde  t o  find uses f o r  the crudest possible 
f ract ions,  and 'hat subsequent separations and refinements would be  under- 
taken only when the  work t o  t i t  point  hzd shown t h a t  f u r t h e r  refinement 
was essent ia l  to any a t t r a c t i v e  u t i l i za t ion .  

Throughout the course of  is work, the general p h i l o s o p b  has 

'&e tar produced a t  aockdale can be classed as a t ru ly  I1prirrary" 
o r  v i rg in  tar. 
low. 
matter i s  rapid, and the vapor residence time o f  the l ibera ted  mater ia l  
is very short. None of t h e  conditions obtain which i n  a by-product coke 
oven allow for extensive cracking and rearrangement of the conponents of 
the  v o l a t i l e  matter. Consequently, the t a r  character r e f l e c t s  c losely the 
character of the l i g n i t e  charge. 

The operating temperature o f  the  carbonizer is re la t ive ly  
The r a t e  of hea t ing  of the lignite and evolution of the v o l a t i l e  

It i s  this circumstance which probably contributes most t o  the 
compleAty of the t a r  composition. bhere extensive t h e m 1  reactions a r e  
possible a s  in t h e  coke oven, most of tlie m r e  unstable compounds a r e  con- 
ver ted t o  a r e l a t i v e l y  few simple,highly s table  configurations. 
t i a l  part of the nitrogen and s u l f u r  is l iberated as  amania and hydrogen 
su l f ide ,  and appreciable quant i t ies  af hydrogen and methane a re  formed by 
the  pyrolysis of hydrocarbons. 

Parry, V. F., Landers, W. S., Lagner, E. O., Goodman, J. K., and Lamners, 
G. D., Q y i n g  and Carbonizing Fine Coal i n  Znt rahed  and Fluidized State",  
Bureau of Nines Report o f  Investigations h9574, 1953. 

Parry, V. F., "Low-Temperature Carbonization o f  Coal and Lignite f o r  
I n d u s t r i a l  Uses", Bureau of Wries Report of Investigations 5123, 1955. 

A substaa- 
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I n  the  l i g n i t e  tar, where these degradative reactions a r e  a t  a 
plinimum, a large proportion of tine o r ig ina l ly  evolved compounds probably 
survive unchanged. 
lates we f ind  Paraffinic, naphthenic, olefinic, and a rok t l c  hydroca$mns 
with oxygen, nitrogen, and s u l f u r  subst i tut ion,  and probably the und i s t i l i ed  
material was of the same general nature. 

Thus, throughout the whole bo i l ing  range of the distil- 

EARLY DISTILLATION WORK 

I n  the f irst  approach to t h i s  problem, d i s t i l l a t i o n  was se lec ted  
without question a s  t h e  f i r s t  means of separating crude f r ac t ions  from the 
l i g n i t e  tar. 
r i a l ,  pa r t i cu la r ly  a t  higher temperatures, we  used continuous & s t i l l a t i o n  
under vtcuum w i t h  t he  minimum prac t i ca l  heating time. 
experiments showed an expected re la t ionship  between the volume of distillate 
recovered and the softening and/or Viscosity of the residues. 
of the d i s t i l l a t e s  recovered a t  various d i s t i l l a t i o n  temgeratures soon 
showed tha t  t h e  composition dic! no t  vary par t i cu la r ly  w i t h  the boiling 
point. 
d i s t i l l a t e  t h a t  represented 20  per cent  of the p r i m r y  tar a s  i n  a d i s t i l l a t e  
t h a t  r e p r s e n t e d  5'0 p r  cect. 
o i l s ,  separation in to  f r ac t ions  of various boiling ranges supported tiiis 
observation very strongly. The evidence was abundant enough to indicate  
that t h i s  constancy of composition extended throughout t h e  tar, and tha t  
t h e  und i s t i l l ab l e  residues were of the same general cornposition a s  the 
l i g h t  distillates. 
Table 1, and averaze coniposition of the d i s t i l l a t e  i n  Table 2. 

&cause of many references t o  the i n s t a b i l i t y  of t h i s  mate- 

A s e r i e s  sf these 

Comparison 

I n  o the r  words, t h e  same classes of compounds were present i n  a 

A s  we went fu r the r  with the study of these 

?he properties of  the prinary tar i t s e l f  a r e  shown i n  

TABLE 2. AVERAGE COMWSITION OF LIGNITE TAR DISTILUTE 

Comuound Volume Per Cent 

T a r  Acids 
T a r  Bases 
igeutral Oils 

26 
4 
70 

SOLVENT EXTRACTIOX OF FFiIFiY TAR 

I n  studying the products obtained by t h i s  d i s t i l l a t i o n  of the 
prirrary tar, i n  m y  cases we found t h a t  t he  heavier portions of the  tar 
had cha rac t e r i s t i c s  which were not  pa r t i cu la r ly  desirable.  However, it 
was impractical  t o  t r e a t  these f r ac t ions  for the removal of the offending 
classes  of compounds. 
soda treatment of a high-boiling d i s t i l l a t e  f r ac t ion  f o r  removal of tar 
acids was not  promising because of emulsion formation and the d i f f i c u l t y  
of the separations. On t h i s  basis, t h e  appl ica t ion  of separation rneans 
to the primary tar itself appeared to be i n  order. 

For example, we had found qu i t e  early tha t  a caustic 



TABLE 1. 

PROPERTIES O F  PRLMARY LIGNITE TAR 

Ash ,  p e r  cent  

C-I ,  p e r  cent  

Wate r ,  p e r  cent  

Specific Gravi ty ,  25/25 C 

Viscos i ty ,  cp ,  28 C 

Elementa l  Composition, pe r  cen t  
water - f ree  basis 

Distillation, .MTM DZO-52, 
weight per  cent ( d r y  b a s i s )  

To 170 C 

170-235 C 

235-270 C 

270-300 C 

3 00- De compos i tion Tempe r a t u r e  

0 . 4  

I .  3-"1, 6 

3 - 4  

0 . 9 8 6 7  

820 

C H N S O(diff) - - - - -  
81.0 8 .  7 0.7 0. 7 a. ; 

2 .5  

16.4 

11. 6 

12.6 

31.0 

Residue a t  Decomposition Tempera tu re  21.0 

Loss 4.9 

Residue at 300 C 52.0 

Decomposition Tempera tu re ,  C 337  

i 
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Batch Shake-out Experiments 

Because of our e a r l i e r  work on d i s t i l l a t i o n  and the work of 
others  on the separation of tar acids, we were l e d  to explore the solvent 
extract ion of the primary tar and t r i e d  f i r s t  a two-solvent system con- 
pr is ing aqueous methanol* and hexane. 

It seemed reasonable t o  expect that, by this means, a residue 
could be produced from the hexane-soluble f r a c t i o n  which tmild contain 
l i t t l e  o r  no polar m t e r i a l s .  
acids and polar  m t e r i a l s  normally i n  the residue from the  d i s t i l l a t i o n  
should now be found in, and be recoverable from, the m t h a n o l  extract ,  
I n  a s e r i e s  of batch shake-outs, we found t h a t  separation could be 
acnieved, and made a start toward defining the  preferred conditions f o r  
the  separation. A s e r i e s  of s ing le  batch shake-outs was made t o  determhe 
the desired temperature of operation, the r e s u l t s  of mhicli a r e  simwn in 
Figure 1. As the  temperature was increased from 66 t o  120 F, it  was found 
t h a t  the  extent  t o  which insoluble n a t e r i a l  was  dispersed throdgh the 
methanol phase decr?ased s t e a d i b  unt i l ,  a t  120 F, t h e  insoluble  material 
was cleanly separated and was f l u i d  enough so t h a t  it could be  withdrawn 
without d i f f icu l ty .  Also ,  a t  t h i s  t e q x r a t u r e ,  the mater ia l  loss i . ~  the 
course of the experiment and the y ie ld  of insoluble  mater ia l  were markedly 
l e s s  than i n  the experiments conducted a t  lower temperatures. 
much beyond 120 F would have rec-uired e i t h e r  the subs t i tu t ion  of a higher 
b o i l i n g  solvent  f o r  hexane o r  the conducting of experiments a t  higher than 
a tmspher ic  pressure. Neither seerred desirable  a t  this stage, s ince there  
was no reason t o  an t ic ipa te  unsat isfactory operation a t  120 F. 

A t  t h e  same time, the high-boiling tar 

Temperatures 

Another s e r i e s  of s ing le  batch shake-outs was made t o  study the 
Increasing e f fec t  of varying t h e  solvent r a t i o  on the products obtained. 

e i t h e r  solvent decreased the amount of  insoluble material .  
the methanol r a t i o  a t  a constant hexane r a t i o  increased the yield of mthanol  
solubles.  'he concentration of caust ic  solubles i n  the methanol solubles 
was a l s o  increased by increasing t h e  rethanol  r a t i o  up t o  a r a t i o  of about 
2. Higher r a t i o s ,  however, resu l ted  i n  a gradual reciuction o f  the concen- 
t r a t i o n  o f  caust ic  solubles. 

Increasing 

It can be shown tha t  the t o t a l  recovery of caus t ic  solubles from 
the prinary tar increases m t h  increasing methanol r a t i o .  
of recovering more tar acids  by using higher methanol r a t i o s ,  there  is 
included mor and more non-tar-acid mater ia l  i n  the methanol solution. For 
mximum pur i ty  o f  recovered m t e r i a l s ,  low methanol r a t i o s  would be used; 
for  maximum removal, high ratios would be used. Pract ical ly ,  the mldmum 
removal i n  usable puri ty  is  the goal. 

I n  the process 

Because the process i s  essent ia l ly  a p a r t i t i o n  of the t a r  a c i d  
mater ia l  between the methanol and the  hexane, the e f fec t  of increasing 

* tihenever nethanol i s  used here, it refers  t o  a methanol-water solution, 
usually 70 weight per cent  methanolo 
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h e m e  rat io  is substantially that achieved by decreasing the methanol 
ratio,  except tha t  the yield of insoluble material is decreased by an 
increase in either solvent. These prel-imhry experiments formed the 
basis for  I n i t i a l  operation of the continuous unit. 

Operation of Rotating Disc Contactor U n i t  

Description of RDC U n i t  

The R E  column proper (shown in Figures 2 and 3) is constructed 
of two 4-inch flanged glass-pipe sections. The top section is 3 feet long 
and the bottom section is 4 f ee t  long,, The stator rings shown in Figure 3 
are 3-13/16 inches i n  OD and 2-3/8 inches i n  ID. Teflon gaskets are sand- 
wiched between the 20-gage s ta tor  r i n g s  to seal the r i n g  to the side of the 
glass pipe. T h i s  mthod of construction was used because the inside diam- 
eter  of the glass pipe used varies by as much as 1/8 inch. Three holes a re  
punched i n  the stator rings and gaskets, and l/b-inch rods inserted through 
the holes to hold the rings and gaskets. 
using spacers of 1-3/4-inch lengths of 3/8-inch tubing. 
20 gage and 2-l,& inches in diameter, and are sof t  soldered t o  a 5/8-inch 

The compartments a r e  f o m d  by 
The rotors are  

shaft. 

The two glass units are joined t o  ether in the center by means 
of a 1-inch-thick ring. The ring (Figure 2f i s  dr i l led and tapped so as 
to provide an entry f o r  t a r  feed, a bearing support fo r  the rotor shaft, 
and a passageway for f l u i d s  i n  the column. The f i t t ings  a t  the ends of 
the colunm are similar i n  construction to  the center piece, except that 
an ex‘iension, consisting of a section of 4-inch tubing, forms a s e t t l i n g  
zone. 
set t l ing chamber. 
and fed t o  a variable-height syphon breaker and from there t o  a storage 
tank. 
solvent in the column. 
brated gear pump operated through a variable-speed drive. 
t o  the column from constant-head feed tanks through rotometers. 
vents and t a r  a re  heated in a hot-water bath prior to entry into the column. 

closed on a l l  four sides. 
which removes vapors from the column and, a t  the sans b, heats the column 
by drawing a i r  i n  through a heat exchanger on the side near the bottom. 
Haffinate from the column is fed to the solvent-stripping unit, a 100-gallon 
agitated steam-jacketed vessel. 
f i l l ed  with Bsrl saddles provides sufficient rec t inca t ion  ta strip solvents 
from the products. 
to  s t r i p  the extract. 
solubles contain 25 t o  50 per cent water. 

The extract i s  removed through a 3/4-inch pipe and f e d  to a second 
Extract is taken off the high end of the set t l ing chamber 

The variable-height syphon breaker permits balancing the -levels of 
Tar is fed to the column by means of a small cali- 

Both sol- 
Solvents are fed  

%e column is supported in an angle-iron framework which is en- 
The top of the framwork is connected t o  a hood 

An unlagged b-foot length of &-inch pipe 

After the raffinate has been stripped, the unit  is used 
I n  actual practice, a f t e r  stripping, the methanol 

This is removed by decanting. 
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FIGURE 2. RDC EXTRACTION UNIT 
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FIGURE 3. ROTATING-DISK CONTACTOR 
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Physical Operability of RDC U n i t  

Tbe first  runs in the p i lobplant  u n i t  were made to explore the 
variables which should a f f ec t  the physical operation of the extraction 
column, i n  order that  optimum conditions might be used as standard i n  the 
subsequent runs. These variables were: rotor speed, feed rate, densitJr 
Ufe rence  between phases, and t i m e  required for  the column t o  reach equi- 
librium. Temperature was not considered as an operating variable i n  the 
RDC experiments, since an optimum temperature f o r  operation had been estab- 
lished at 120 F through batch shake-out t e s t s  as described above. A l l  
RDC runs were made a t  this temperature. 

ing occurred a t  a t a r  feed r a t e  of 2.6 gallons per hour. 
t o  a total column feed of 350 gallons per hour per square f o o t  of column 
cross-sectional area. I n  subsequent runs, the combined f l o w  ra te  was 
limited to a maximum of about 270 gallons per hour per square foot. 

of caustic solubles in the methanol solubles increased; but, h e n  the speed 
was increased further t o  270 rpm, an emulsion was formed i n  the column which 
made phase separation impossible. A l l  subsequent run6 were mde a t  215 rpm. 

raffinate and extract so tha t  the phases may be separated. A s  each solvent 
dissolves components of the tar, the densiw of each solution increases; 
therefore, the density and density difference wi l l  depend not only on the 
solvents used, but also on the solvent ra t ios  as well. As mre water i s  
added to  the methanol solution, its density increases so that, for each 
methanol-water concentration, there is a solvent r a t io  below which the 
column w i l l  not be operable. These findings are summarized i n  Figure 4. 

I n  one run (1:4:4 ra t io)  feed rates were increased unt i l  flood- 
This corresponds 

As the rotor speed was increased from 180 t o  215’ rpm, the amount 

Enough difference must be maintained between t h e  density of the 

For any given methanol concentration, operations to the l e f t  of 

1% can 

the proper mrve w i l l  not be feasible because of insufficient difference 
in density between the two phases. 
1:3:3 r a t io  is satisfactory, but a l:5:3 or a l t l r 2  ra t io  i s  not. 
be seen from these curves that, for  aqr methanol concentration, there is 
a hexane r a t i o  above which the column may be operated regardless of the 
methanol ratio. These curves are not sharp and preciee boundaries, but 
rather the areas of approach to  inoperable conditions. 
very useful in the selection of solvent ra t ios  f o r  subsequent runs. 

Thus, w i t h  70 per cent methanol, a 

These data proved 

Eiffect of Operating Variables on Products 

A s  wi th  s ingle  batch shake-outs, solvent ratios and methanol 
concentrations can be selected within operable limits fo r  use w i t h  the RDC 
unit  so as t o  produce products of varying quality and i n  varying yield. 
For example, the puri ty  and yield (inversely related) of tar acids i n  the 
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FIGURE 4- LIMITS OF OI’ERATION OF SOLVENT-EXTRACTION UNIT 
DUE TO DENSITY DIFFERENCE 
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methanol extr;ct can  be regulated partly by adjusting the  mthanol con- 
centration. Likewise, the degree of ex t rac t ion  o f  polar cofipounds f r o m  
the  hexane-soluble f rac t ion  can be adjusted in  prt by changing the  r a t i c s  
of the hexane-methanol-primary t a r  streams. The e f f e c t s  of changing these  
two variables have been investigated within certain ranges in the  p i lo t -  
plant RDC unit. 

f r ac t ion  o f  t he  caus t i c  solubles,  o r ig ina l ly  in the prinary tar, which is 
extracted by the methanol. 
be obtained d i r - c t ly .  However, a number of l ist i l lates of various y ie lds  
were successfully c a u s t i c  washed and were found t o  contain about 27 per 
cent  of caustic so lub le s  irrespective of y i e ld  o r  bo i l ing  range of d i s t i l -  
l a t e .  
t h e  primary tar i t se l f .  

The effect  of such changes can be followed by determining t h e  

%e total caus t ic  solubles i n  the tar cannot 

For t h i s  reason, the va lue  o f  27 per cent was assumed to hold fo r  

If the inethanol concentration is low, it wculd be expected t h a t  
l i t t l e  of the  t a r  would be so luble  i n  it. E, on the other hand, the 
methanol concentration is high, one would e q e c t  that the  s o l u b i l i t y  of t h e  
tar ,  and hence the degree of extraction, vould increase.  
shown i n  Figure 5. ‘Ihe pos i t ion  of the curve a t  75 Fer cent methanol indi- 
ca te s  tha t  the a s s m e d  value of 27 p r  cent  of caus t ic  solubles in the  p r i -  
mary tar might be low. If the value of 27 per cent  were incorrect,  it 
would have the  ef:ect o f  s h i f t i n g  the curve upward or downward, depending 
on whether the t r u e  value w a s  lower o r  higher than 27 per cent. 
found i n  the s ing le  batch shake-oats that ,  iihenever the ex t rac t ion  of 
caus t i c  solubles increased, t h e  concentration of caus t i c  solubles in the 
methanol solubles decreased. A similar e f f ec t  f o r  the pilot-plant u tu t  
i s  shown i n  Figure 6. 

Tkis a- fec t  i s  

it was 

The insoluble mtter  decreased k i t h  inc reasbg  solvent r a t i o  a s  
i n  the single batch shake-out tests. However, the column appeared to bz 
more e f f i c i en t  i n  this separation. A t  a 1:8:8 r a t io ,  a s ing le  batch shake- t,, i 
out  resulted i n  about 4.5 per cent of insolubles while the D C  yielded 
about 2 per cent. 
cen t  of ash, and i f  it i s  assumed t h a t  char contains 20 per cent of ash, 
i t  can be ca lcu la ted  that there was about 1.75 per cent of char i n  
p r h r y  tar. 
solvent n t i o s .  

Since Rockdale R u n  53 p r h a r y  tar contained 0.35 per 

53 
The curve of Figure 7 appears t o  approach this value a t  high 

Figure 8 is a convenient mthod  of showing t h e  a f f ec t  of solvent 
r a t i o s  for a given methanol concentration. The inoperable zone i s  defined 
and the per cent of to ta l  caus t ic  solubles extracted i s  indicated. Because 
of the  few da ta  ava i lab le ,  it is  not possible to define the shape of the 
curves showing a constant per cen t  of  caus t ic  solubles extracted a s  a func- 
t i o n  of solvent r a t i o s .  Bowever, the curve for 70 per cent  extraction 
appears to be approximated by a s t r a igh t  l ine.  
solubles extracted appears to approach some value around 100 per cent 

me per cent of caustic 
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Methanol Concentrotion,per cent methanol 0-23929 

FIGURE 5.. YIELD O F  CAUSTIC SOLUBLES USING A 
1:4:4 SOLVENT RATIO 

Methonol Concentrotion,per cent methanol 

FIGURE 6. CAUSTIC SOLUBILITY OF METHANOL SOLUBLES USING 
A 1:4:4 SOLVENT RATIO 
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FIGURE 7 .  INSOLUBLE MATTER AS A FUNCTION O F  TOTAL SOLVENT 
RATIO USING 7 0  PER CENT METHANOL 
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asymptotically as the  methanol r a t io  is increased. 
curves, it i s  apparent that  t h e  methanol r a t i o  has a g rea t e r  effect on 
per  cent  of t o t a l  caus t i c  solubles ex t rac ted  Clan does the  hexane ra t io  
under the conditions used. 

From t h e  slope of these 
' 

%e r e l a t i v e  s o l u b i l i t i e s  of tAe  priAmry tar i n  the hexane and 
methanol phases were determined f o r  70 per cent  fietmnol a t  d i f f e ren t  
solvent ratios. These r e s u l t s  are shown in Figure 9. 

In previous work w i t h  the ro ta t ing  disc contactor, 'tar feed  was 
introduced a t  approximately the center  of the column. 
solvent-extraction columns has shown that t n e  location of the feed point 
might have a s ign i f i can t  e f f e c t  on the operation of the coluim so f a r  as 
y i e ld  ,md product quali.ty are concerned. 
d i sc  cantactor was a l t e r e d  t o  permit introduction o f  tar feed a t  t i 7 0  loca- 
t ions  i n  addition to the center  feed point.  
approximately one-fourth of t h e  distance dovn from the  top of the column 
and one-fourth of tine d is tance  up from the bottom of the  column." 
runs were mde i n  which t i e  feed  point was successively ohanzed from center, 
to top, t o  bottom, and fillal2.y back t o  center  p s i t i o n .  
n i f i can t  change i n  the colunn variables o ther  than feed-point location. 
A s  a r e s u l t  of t h i s  investigction, i t  was found t h a t  the t o t a l  m t e r i a l  
extracted from the tar by the methanol var ied  as follows: 

Srevious luork on 

For t h i s  reason, The rchating 

T'e points selected were 

Four 

There ms no s i p  

Feed Position Pe r  Cent Extracted 

Center 

Bottom 
Center 

TOP 
25.6 

23.k 
23.7 

25.9 

'he r e l a t i v e l y  small change i n  the percentage extracted a s  affected 
by the feed-point l oca t ion  indicates that  t h e  column used probably has con- 
siderably unre stages than are necessary t o  perform the desired extraction. 
I n  future work, however, the  present colurrm will be used, with feed in t ro-  
duced a t  the center position. 

Analytical  Methods 

A 500-ml sample of r a f f i n a t e  is weigred and about 250 ml placed 
i n  a t a r e d  500-ml f lask .  
column and  a thermometer extending t o  within 1/L inch of the bottom of 

The f l a s k  is f i t t e d  vnth a 12-inch Vigreaux 

\ 

* I n  the o r ig ina l  design of t h e  ro t a t ing  disc contactor c ere were 44 stages, 
with the feed point being a t  Stage 20, numbering dom from the top. 
other feed points were subsequently provided: 
(2 )  tl&ttornt' J Stage 32. 

Two 
(1) ItToplt, Stage 10, and 
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FIGURE 9 .  RELATIVE SOLUBILITIES AS A FUNCTION OF SOLVENT 
RATIOS FOR 7 0  PER CENT METHANOL 
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the f l a s k ,  
necting t o  a condenser, and a separatory funnel through a c h  is  added 
the reminder  of the  raffinate sample during d i s t i l l a t i o n .  

The top of the  Vigreaux coluxim is f i t t e d  with a s ide  arm con- 

Tne f la sk  is heated w i t h  a heating m t l e ,  and the hexane dis- 
t i l l e d  over i s  discarded. 
f l a s k  the d i s t i l l a t i o n  is continued until the pot  temperature reaches 210 C. 
’&e i l a s k  is  then cooled and weighed t o  determine the weight of hexane- 
soluble residue. 

When a l l  the r a f f i n a t e  has been charged to the 

!he ex t r ac t  is handled i n  t he  same way a s  the  ra f f ina te  except 

The f l a s k  i s  allowed to  cool and 

The water 

that ,  a f t e r  a l l  e x t r a c t  has been added to the f lask ,  d i s t i l l a t i o n  is stopped 
when the pot temperature reaches 95 C. 
200 ml of benzene is added. The contents of the f l a s k  a re  then t ransferred 
t o  a .5’00-ml separatory funnel, shaken, and allowed t o  se t t le .  
layer  is drawn off and discarded and the  benzene layer  returned to the 
f lask.  
to the  contents of the flask.  M s t i l l a t i o n  is continued u n t i l  the  pot 
temperature reaches 210 C. 
to determine the methanol solubles. 

The separatory funnel i s  rinsed with m t h y l  alcohol, which is added 

The f l a s k  is allowed to cool and then is weighed 

The inethanol solubles cbtained a s  indicated in the previous sec- 
t ion a r e  washed i n t o  a 5’00-ml separatory funnel t u t h  three portions of warm 
20 per Cent sodium hydrolcide solution, 
to mom temperature and 50 ml 03 ether  added. The mixture is shaken care- 
f u l l y  and allowed t o  s e t t l e .  
190-nil f lask  and heated on a steam bath. After the contents have stopped 
boiling, a vacuum (using a water asp i ra tor )  is drawn u n t i l  no more boi l ing 
occurs. 
soluble material  ir, the methanol solubles. 
is calculated by difference. 

The solution i s  allowed to cool 

The ether l aye r  is transferred t o  a tared 

The f l a s k  is cooled and weighed to determine the non-caustic- 
’he per cent of caustic solubles 

A known quant i ty  of the insoluble phase is charged t o  a tared 
f lask  and heated on a steam bath under vacuum t o  strip it of solvent. 
f l a s k  is cooled and weighed to determine the insoluble matter. 

The 

SECONDARY PIiOCESSII’JG OF SOLVEIVT MTRAC‘IION PRODUCTS 

For the purpose of providing samples f o r  the characterization 
and u t i l i z a t i o n  s tudies ,  hexane solubles  were d i s t i l l e d  t o  yield fores, 
middle o i l ,  and pi tch of various softening points. Path batch and contin- 
uous methods of d i s t i l l a t i o n  were used. Yethano1 solubles were usually 
d i s t i l l e d  t o  an a r b i t r a r y  cut point of 235 C f o r  the same purpose. 
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ROCKDALE PILOT PLANT 

; 
i 

A solvent-extraction p i l o t  p lan t  has been constructed a t  Rockdale, 
p r i m r i l y  t o  provide m t e r i a l s  for  u t i l i z a t i o n  s t u Q  on a l a r g e r  scale.  
This uni t  i s  designed to process about 1000 gal lons of primary tar per 
stream day and t o  produce f i v e  r a i n  products. A simplif ied flow diagram 
is shown i n  Figure u). Tar, aqueous mthanol,  and hexane--all preheated 
t o  120 F--are fed to the  center,  top, and bottom of a ro ta t ing  disc  con- 
tac tor .  
in diameter by 16 f e e t  high, with 24 contacting stages.  

btes a r e  control led by metering pumps. The contactor is 3 f e e t  

?fie hexane so lu t ion  leaves the top of the contactor, passes 
through a steam heater,  then into a f lash  drum where a subs tan t ia l  port ion 
of the solvent  i s  f lashed off .  
another heater  and is f e d  t o  a packed tower f o r  the d i s t i l l a t i o n  of t h e  
remining  solvent. 
through a condenser where the water flow is regulated t o  maintain the proper 
temperature of the recycled solvent.  
to an accumulator tank, then through an e l e c t r i c  hea te r  to a vacuum st i l l  
i n  which s u f f i c i e n t  d i s t i l l a t e  i s  taken overhead to y i e l d  a s  bottoms a 
pi tch of the desired softening point ,  
column, not  shown on the diagram, t o  produce a l i g h t  d i s t i l l a t e  and a bottoms 
of the  desired f l a s h  point  and boi l ing range. 

The p a r t i a l l y  s t r ipped  l i q u i d  passes through 

The streams of solvent vapor a r e  combined and passed 

Ihe solvent-free hexane extract  goes 

The d i s t i l l a t e  i s  topped in another 

‘Ihe methanol so lu t ion  s imi la r ly  is s t r ipped of solvent  i n  two 
stages, and t h e  recovered solvent  i s  recycled to  the contactor. Adjust- 
ment of the water content is necessary because part of t h a t  o r ig ina l ly  
present in the solvent feed  stream is decanted from the solvent-free mate- 
r i a l  leaving the bottom of the methanol recovery still .  

When desired, the methanol-soluble mater ia l  m y  be separated 
i n t o  low- and high-boiling f r a c t i o n s  i n  the same column mentioned above 
f o r  f i n a l  s p l i t t i n g  of the hexane-soluble d i s t i l l a t e .  
through the xylenols a re  taken overhead i n  this operation. 
7 give typ ica l  inspections of the f i v e  products r e s u l t i n g  from t h i s  kind 
of operation. 

Normally, tar ac ids  
Tables 3 through 
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TABLE 3. 

PERTIES O F  FORERUN, DISTILLING TO 200 C,  OF DISTILLATE 
OF HEXANE SOLOBLES OF PRIMARY LIGNITE TAR. 

Specific Gravity,-25/25 C 
Refractive Index, h2’ 

ViBcOsity, kinematic C B ,  100 F P 

Flash Point, F 
Fire  point, F 
copper Strip Corrosion 
Pour Paint, F 

Tar Acids, volume per Ceht 
Tar Bases, volume per cent 
tueiitral Oil, volume per cent 

Paraffins,  volume per cent 
Olefins, volume per cent 
Aromatics, volume per cent 

H N - -  1-irmental Composition, per cent, C 
water - f ree  bas i d 85.4 11.7 0.2 

Distillation, ASTM D20-52, 

To 170C 

235-270 C 
270-300 C 
300-355 C 
Residue a t  355 c 
Loss 
Residue at  300 c 
Decomposition Temperature, c 

weight per cent  

170-235 C 

0.8503 
1.4754 
1.11 

90 
165 

No discoloration 
<- 70 

1.7 
1.2 

97.1 
14 
41 
45 

S O(diff) - -  
1.6 1.1 

26.7 
62.1 

7.7 
2.3 
0.8 
0.3 
0.1 
1.1 

> 355 
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% E X  k. 
PROPERTIES O F  DISTILLATE, TOPPED TO 200 C, O F  HEXANE 

SOLUBLES O F  P R I M A R Y  LIGNITE TAR 

Specific Gravity,  25 /25  C 
Refrac t ive  Index, nh5  
Viscosity,  kinematic c s ,  100 F 

F l a s h  Point,  F 
F i r e  Point,  F 
Copper S t r ip  Corrosion 
Pour  Poin t ,  F 

T a r  Acids,  volume p e r  cen t  
T a r  B a s e s ,  volume pe r  cen t  
Neut ra l  Oi l ,  volume p e r  cen t  

Pa ra f f in s ,  volume p e r  cen t  
Olefins,  volume per.  cen t  
Aromat i c s ,  volume p e r  cent  

0.9325 
1.5242 
8.13 

208 
320 

66.5  
NO discoloration 

7.7 * 2 
1.6 

90. 7 f 2 
15 
39 
46 

E lemen ta l  Composition, p e r  cent,  C H N S O(diff) 
water-  f r e e  bas i s  85.4 1 0 . 7  0 .4  1 . 0  2.5 

- - - - -  

Disti l lation, ASTM DZO-S?, 

To 170 C 
weight pe r  cent  

170-235 C 
235-270 C 
270-300 C 
300-355 C 
Residue at 355 C 
Loss 
Residue at 3 0 0  C 
Decomposition T e m p e r a t u r e ,  C 

0 . 1  
14.3 
20.1 
18. 1 
27. 7 
18. 6 

1. 1 
46.3 

>355  

/ 

4 

I 
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TABLE 5. 
PROPERTIES OF RESIDUE O F  HEXANE SOLUBLES O F  

PRIMARY LIGNITE TAR 

Soltening Point,  Ring and Ball ,  C 

Penet ra t ion ,  100 g ,  5 s e c ,  77 F 

Viscosity,  SFS, 350 F 

C-I, per  cent  

Nitrobenzene Insoluble, p e r  cent  

Ash ,  pe r  cent  

Specific Gravi ty ,  25/25 C 

Elemental  Composition, p e r  c e n t ,  
water- and ash- f ree  b a s i s  

Distillation, ASTM D2O-52, 
weight pe r  cent  

To 300 C 

300-Decomposition Tempera tu re  

Residue a t  Decomposition Tempera tu re  

Loss 

Residue a t  300 C 

Decomposition Tempera tu re ,  C 

C 
87.6 
- 

68 

1 

39 

0.36 

1.1 

0.1 

. 1.064 

H N S O(diff) - - - -  
7 . 6  0 . 7  0 . 8  3 . 2  

4 . 0  

13.4 

82.6 

-- 

96.0 

355 



TABLE 6. 

PROPERTIES OF LOW-BOILING METHANOL SOLUBLES, DISTILLING 
UNDER 235 C ,  O F  PRLMARY LIGNITE TAEt 

Caust ic  Soluble, pe r  cent  99 

Specific Gravity, 25/25 C 0.99 1 

Viscosi ty ,  kinematic c s ,  100 F 3.17 

Sulfur Content, per  cent  0. 13 

Nitrogen Content, p e r  cent  0.67 

Distillation, ASTM D20-52, 
weight per cent  . 

To 170 C . 0.0 

170-235 C 81.3 

235-270 C 8.8 

270-Decomposition T e m p e r a t u r e  6.3 

Re s idue a t  De compos ition T e m p e r a t u r e  2.4 

Loss 1.2 

Residue at 300 C 2.4 

Decomposition Tempera ture  , C 280 

i 
1 

' I  
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z TABLE 7. 

PROPERTIES OF HIGH-BOILING METHANOL SOLUBLES, BOILING 
OVER 235 C, O F  PRIMARY LIGNITE TAR 

Specific Gravi ty ,  25/25 C 1.163 

Viscosity.  SFS, 350 F 12 

Softening Point, Ring and Bal l ,  C 40-43 

Sulfur Content, pe r  cen t  0.99 

Nitrogen Content, pe r  cent  1.61 

Distillation, ASTM D20-52, 
weight per  cent 

To 170 C 

. 170-235 C 

235-270 C 

270-300 C 

0.. 1 

11.3 

12.7 

24.1 

300-Decomposition Tempera tu re  8 . 5  

Residue a t  Decomposition Tempera tu re  40.9 

Loss 2.4 

Residue a t  300 C 49.4 

Decomposition Tempera ture ,  C 325 
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